Single-particle reconstruction (SPR) from electron microscopy images is widely used in 14 structural biology, but lacks direct information on protein identity. To address this limitation, we 15 developed a computational and analytical framework that reconstructs and co-aligns multiple 16 proteins from 2D super-resolution fluorescence images. We demonstrate our method by 17 generating multi-color 3D reconstructions of several proteins within the human centriole and 18 procentriole, revealing their relative locations, dimensions and orientations. 22 or 23 Christian Sieben, christian.sieben@epfl.ch 24 25 2
process into two steps: i) co-orient both particles and reconstruct their volumes; ii) co-align the volumes along the symmetry axis ( Fig. 1b ). Since both proteins are integrated into the same reconstruction revealed that whereas the Cep57 torus is aligned axially with that formed by loosely defined orientation between the torus and the emerging procentriole, consistent with 138 suggestions from some EM analysis 21 .
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In conclusion, we developed a novel framework that generates multi-component 3D 
293
In order to evaluate the contribution of labelling noise and efficiency as well as to test the 294 particle processing workflow, we developed a particle simulator that generates localization maps 295 from ground truth models. To define a starting structure, we generated ground truth models of Figure 2 
